Design/methodology/approach: A review of 164 journal articles related to design for safety in construction (published from 1990 to 2017) within built environment, engineering and multi-disciplinary safety journals was undertaken.
Introduction
Despite improvements in occupational safety and health (OSH) in construction over the years in several countries, the rate of accidents, injuries and illnesses in the construction industry is still greater than that of other industries (Health and Safety Executive, 2014; Department of Occupational Health and Safety (DOSH), 2015;
Bureau of Labor Statistic, 2016) . Construction accident causation is rather a complex phenomenon and there are many factors that have to be taken into consideration. It has been established that hazards that lead to accidents, injuries and illnesses on construction sites could be avoided or mitigated through design decisions (Behm, 2005; Haslam et al., 2005; Cooke and Lingard, 2011) . Hence implementing design for safety (DfS) (also known as "prevention through design", "safety in design", "safe design", and "design risk management") is considered to be one of the prominent ways of tackling the occurrence of occupational accidents, injuries, and illnesses in construction.
Studies on DfS have linked the viability of the concept of DfS in construction to DfS implementation factors (Gambatese et al., 2005; Tymvious and Gambatese, 2016; Goh and Chua, 2016; Toh et al., 2016) . Amongst the early DfS studies in this regard is the work by Gambatese et al. (2005) in which designer attitude, designer awareness/knowledge and education regarding DfS, availability of DfS tools, clients' influence/motivation, and legislation were highlighted as key factors affecting DfS implementation. Subsequently, the findings of other studies (e.g. Tymvious and Gambatese, 2016; Goh and Chua, 2016) have also corroborated the factors reported by Gambatese et al. (2005) . For instance, Tymvious and Gambatese (2016) showed from a Delphi survey in the United States of America (USA) that client's involvement has the greatest influence to generate interest in DfS. A survey of construction industry stakeholders in Singapore by Toh et al. (2016) similarly revealed that the client/developer is perceived to have the greatest influence on DfS. Goh and Chua (2016) investigated the DfS knowledge, attitude and practice of civil and structural engineers in Singapore by the use of a survey and found that designers' mind-set towards safety and legislative force were perceived to be amongst the most important factors influencing the success of DfS. Over the years, whilst various studies have looked at these DfS implementation factors, within the extant DfS literature there is lacking an overall indication of the extent to which the factors have been explored so as to constitute an informed basis to forge appropriate research directions. The main objective of this study is thus to systematically review published research (journal articles) on DfS in construction in order to gauge the extent to which the existing studies have researched the aforementioned DfS implementation factors. Involving over 150 DfS articles in built environment, engineering and multi-disciplinary safety journals this review aims to provide directions for further empirical works.
Research Method
A review of existing international evidence on DfS was conducted using systematic evidence review techniques (search strategy, inclusion criteria, data extraction and synthesis). The review included searching academic databases as shown in Table 1 as well as other relevant journals (e.g. The Australasian Journal of Construction Economics and Building, and Journal of Construction in Developing Countries) that were not included in any of the highlighted databases. In particular the search looked at journal articles on DfS published from 1990 to mid-2017. After conducting preliminary searches to assess the effectiveness of different search terms, the following search strings were used: "design for safety", "safety in design", "prevention through design" and "design risk management". The initial search was performed and subsequently the abstracts of the recorded journal articles were screened further for relevant subject areas and the duplicates found in different databases were removed. The selected journal articles were then screened again and classified according to the following DfS implementation factors: designer attitude; knowledge/awareness and education; DfS tools; clients' influence/motivation; and legislation (Gambatese et al., 2005; Tymvious and Gambatese, 2016; Goh and Chua, 2016; Toh et al., 2016) .
[Insert Table 1]

Main Results
As a result of the in-depth search, using the search protocol described in the research method section as well as snowballing in published DfS research, 198 journal articles were recorded, 34 of which were not relevant in the context of construction and DfS implementation factors. Consequently, 164 articles were used in the study. Review of the 164 articles showed that surveys, interviews and expert group technique are commonly employed methods in DfS research. Categorisation of the articles based on the DfS implementation factors they examined is shown by Table 2 
Discussion
Designer attitude
This factor featured in less than a quarter of the reviewed articles (i.e. 15.85%). In 1992 a survey of design firms and contractors in the USA found that a one-third of the designers take into consideration the safety of construction workers in design (Hinze and Wiegand, 1992) . The results from later studies on this topic confirmed that designers' attitude is an important factor influencing implementation of DfS in practice (Gambatese et al. 2005; Sacks et al. 2015; Öney-Yazıcı and Dulaimi, 2014; Toh et al., 2017) . Moreover it has been shown that designers' interpretation of the term health and safety affects their response to the demands to consider it during design stage (2015) carried out a study to test designers' attitudes to construction safety hazards through virtual reality tools. The results obtained revealed that consultation and dialogue with an experienced construction professional could influence designers to consider safety issues when adapting design details. Although a number of studies within the articles reviewed seem to suggest that the majority of design professionals have a positive attitude towards DfS, there is also evidence that not every design professional/firm succeeds in demonstrating their commitment to DfS. This indicates that DfS practice is underdeveloped in the construction industry (Toh et al., 2017) .
Designer Awareness/Knowledge and Education
Designer awareness/knowledge and education is often accompanied by designer attitude discussed in the subsection above. In general from the review of different studies it can be concluded that even though design professionals may be supportive of DfS and have awareness of DfS, the level of DfS knowledge and education needs to be continuously improved (López-Arquillos et al., 2015 , Toh, et al., 2017 , Goh and Chua, 2016 , Gambatese et al., 2008 , Hadikusumo and Rowlinson, 2004 , Hallowell, 2012 . The literature review showed that more than a half of the articles (i.e. 60.37%) have explored designer awareness/knowledge and education issues and consider it crucial for DfS implementation (Gambatese et al. 2005; Öney-Yazıcı and Dulaimi, 2014, Toh et al., 2017) . Toole (2005) identified designers' lack of understanding of construction processes as a substantial barrier that would prevent designers from contributing to worker safety. A survey conducted by Behm et al. (2014) showed that an educational intervention changed students' perceptions of accident causality and prevention to favour safe design thinking. However, an insufficient emphasis on DfS in design and construction courses has been reported in Spain (López-Arquillos et al., 2015) . López-Arquillos et al. (2015) argued that industry stakeholders ought to launch initiatives to promote DfS in university degrees as improved knowledge on safety issues would be beneficial for construction. Apart from offering design professionals appropriate courses and training, it is also very important that organisations have an effective safety-knowledge management (KM) process in place. The work of Hallowell 
DfS Tools
This factor recorded the second highest proportion of articles (i.e. 27.44%). Articles on DfS tools started to emerge after 1995 as shown by Table 3 . One of the first computerbased DfS implementation tools "Design for Construction Safety ToolBox" was developed by Gambatese et al. (1997) . The purpose of the tool was to assist designers in recognising project-specific hazards and implementing the design suggestions into a project's design by linking the design and construction phase. Table 3 ). More research regarding how client's influence/motivation can be leveraged to promote DfS implementation in construction would therefore be useful.
Legislation
The established connection between design and construction accidents instigated 
Conclusion
DfS is a rapidly growing research area in construction. The in-depth literature review undertaken in this study recorded 164 articles published in built environment, engineering and multi-disciplinary safety journals. A great amount of research has been carried out on DfS in the context of designer awareness/knowledge and education. However whilst client influence/motivation and legislation have been suggested to probably be the most influential drivers of DfS implementation, fewer studies have focussed on these. To rectify this 'imbalance', further research would be needed to particularly explore ways by which client influence/motivation could be leveraged to stimulate greater interest and implementation of DfS amongst designers.
Aligned to this, ways by which DfS legislation can be introduced and effectively enforced in different national contexts ought to be explored by research. Given the alluded significance of client influence and legislation, research in these directions could yield insights that could consequently engender greater positive designer attitude to DfS. Sacks, R., Whyte, J., Swissa, D., Raviv, G., Zhou, W. and Shapira, A. (2015) , "Safety by design: dialogues between designers and builders using virtual reality". Construction Management and Economics, Vol. 33 No. 1, pp. 55-72. Sadeghi, L., Mathieu, L., Tricot, N. and Bassit, L. A. (2015) , "Developing a safety indicator to measure the safety level during design for safety". Safety Science, Science Direct pub-date ≥ 1990 and TITLE-ABSTR-KEY("design for safety") or TITLE-ABSTR-KEY("safety in design") or TITLE-ABSTR-KEY("prevention through design") or TITLE-ABSTR-KEY("design risk management").
64
Taylor & Francis "design for safety" or "safety in design" or "prevention through design" or "design risk management" 143 28
Emerald Insight "design for safety" or "safety in design" or "prevention through design" or "design risk management" 39 17
American Society of Civil Engineers (ASCE)
"design for safety" or "safety in design" or "prevention through design" or "design risk management" 163 45 EBSCO "design for safety" or "safety in design" or "prevention through design" or "design risk management" 51 32 ICE (Institution of Civil Engineers) Virtual Library "design for safety" or "safety in design" or "prevention through design" or "design risk management"
26 9
Other Sources "design for safety" or "safety in design" or "prevention through design" or "design risk management" 3 3 Total = 501 Total = 198 
